In this chapter, the limitations and weaknesses of the motion geometry and the workspace of Triangle-Star Robot {T-S (3-PRP)} are diagnosed after research and consideration of the issues at hand. In addition, they are offered in index form. To remove the problems with the abovementioned cases, at first, a robot with telescopic arms and a similar kinematics chain is rendered to give a kinematics analysis approach like Hartenberg-Denavit. Furthermore, in order to increase the workspace, Reuleaux Triangle-Star Robot {RT-S (3-PRP)} with kinematics chains 3-PRP and CircleStar Robot{C-S (3-PRP)} with kinematics chains 3-PRP and a new improved structure are introduced.
Introduction
In recent decades, the use of industrial robots in the production and development of nano technological processes, industrial automation, chemically contaminated environments, medical & biological industrial, the calibration of measurement system, etc., are seriously in circulation. So the scientific research centers are conducting some research in this regard to meet customers' demands. To compete with international markets, parameters such as precision, high repeatability in production, control management, and emphasis on standards have proved to be necessary in the usage of robot in modern technology. This has caused the companies to The motion geometry of each of the kinematics chains 3-PRP, which has been applied to T-S Robot, is achieved through relative movement of the Prismatic joint, Revolute joint, and again the Prismatic joint as shown in Figure 2 . The lower active Prismatic joint movement joined to the stimulator in the direction of the angle of the triangle causes movement in the upper passive Prismatic joint connected to lower active Prismatic joint by the Revolute joint. As a result, star motion geometry, which is sited (fixed) on the upper Prismatic joints, serves as a function of the lower Prismatic movement joined to the stimulators.
The number of degree-of-freedom for T-S Robot
The most famous and prevalent method to calculate the degree of freedom (DOF) is using formula (1) and according Table 1 [9] . 
The weaknesses of the motion geometry for T-S Robot
Although T-S Robot has so many advantages such as high precision, speed, stiffness, and lack of singularity in workspace, it has two main weaknesses:
1. At the time of Robotic motion, the star arms occupy a large space around the triangle
2.
The abovementioned robot has a rather limited workspace Therefore, to remove the first problem, a robot with telescopic arms, Figure 3 (a, b) , is introduced whose kinematics are conducted without getting involved in the whole discussion.
To remove the second problem, new robots with improved structures are introduced. The schematic design of these robots, Figure 4 (a, b) and their three-dimensional designs in the kinematics analysis section of each robot in Figure 14a and Figure 14b along with robot motion geometry structure are shown. 
Kinematic analysis of the T-S Robot
In the boundary of kinematics science, place, speed, acceleration, and all the derivations higher than local variable (in proportion to time) are examined. As defined [2, 8] , the robotic kinematics is the study of the robotic movement without the consideration of the forces and torques applied to it. As a matter of fact, the examination of robotic motion geometry is regarded as an invariable coordinate frame work proportional to the intended time.
The kinematics problem includes the following sections [2, 8] :
1. Direct kinematics: local calculation and the central manipulator orientation in relation to basic frame work.
2.
Reverse kinematics: if the location and central manipulator orientation are given, the calculation of all the possible joint angles involved in directing the robot toward a desired location and orientation is called reversed kinematics.
A systematic, practical approach has been represented by Denavit-Hartenberg to determine rotation and transformation between the two adjacent links in a robot [2] .
In this paper, direct kinematics and reverse kinematics are examined through this approach and then position analysis, speed, input, and output acceleration are closely studied. The interesting point is that the direct kinematics of Parallel arms is as complicated as the reverse kinematics of Serial arms and the simplicity of the reverse kinematics of parallel mechanisms is as much as the simplicity of the direct kinematics of Serial arms [2, 5] .
The extraction of Denavit-Hartenberg parameters for T-S Robot
To
parameters, first, the position of coordinate axis according to DenavitHartenberg model as shown in Figure 6 (a, b) is determined. Then by placing these parameters in Denavit-Hartenbary matrix, which is obtained by relation (2) according to Figure 5 . Consequently, the achieved transmitted matrixes and robotic kinematics analysis are carried out. [ ] ( )
, 1 cos sin cos sin sin cos sin cos cos cos sin sin 0 sin cos 0 0 0 1 To analyze the robot kinematically, first, the central manipulator point is transferred to the corner of the triangle to which the reference coordinate device is joined and through the extraction Table 1 , related to Denavit-Hartenberg parameters, is achieved. In this case, k = 1, 2, 3 is the number of central manipulator point transmission, In the above indexes, the first shows the number of the direction, and the second shows the number of the parameter. To avoid making mistakes, the number of direction indexes (first index) is shown to the power of k. Table 2 parameters, in matrix 2, the amount of H i,i+1 k matrix is achieved in which, i =1, 2, 3, 4 is the number of coordinate systems joined to the links and k = 1, 2, 3 is the number of the central manipulator reference point directions joined to C point. The speed-acceleration points are obtained through placing the position analysis matrixes two by two in an equal way.
By placing

Direct kinematics for T-S robot
For the direct kinematics analysis, point o, located in the origin of the coordinate of A 1 , reference system is regarded as the primary point and o′, point in the origin of the coordinate joined to the center of C point, is considered to be the final point.
The number of unknown parameters in each path is two. As a result, the total number of unknown parameter for each path is 6, but since the number of degree of freedom for each kinematics chains 3-PRP equals 9, the number of each path of the unknown parameters is 3, that is, the three parameters are related to other parameters that are geometrically obtained. In this case, the robotic degree of freedom is 3. If S 11 , S 21 , S 31 parameters are considered to be the inputs, the unknown parameters will be S 13 , S 23 , S 33 and θ 11 , θ 21 , θ 31 .
What is stated is for the simplification and avoidance of mistakes in the number of direction index to the power of k. Therefore, to obtain the unknown parameters, final point transformation matrix o′ is obtained in proportion to the primary point o and then relation (5, 11) is used. 
In the above relation, [P] i is the position in relation to coordinate axes joined to member i , and [P] i + 1 is the position in relation to coordinate axes joined to member i + 1. The robot has three kinematics chains, and three different transformation matrixes are achieved. In this way, the three matrixes should be equalized according to relation (5) . The unknown parameters are obtained through the solution of these equations.
Point o′ coordinate (P 3 origin of coordinate) located in the center of the star in P 2 coordinate is as follows. Point o′ coordinates in P 0 coordinate is as follows:
[ ] [ ] ; ; ; 1 0;0; ;1 
The motion geometry of T-S Robot
From the motion geometry of the T-S robot and then relations (5,13), the motion equation are achieved. 
Case analysis
If we consider the fixed angle of the triangle A 1 A 2 A 3 in Figure 8 , e = 1000 mm, b = 100 mm and each of the S 11 , S 21 , S 31 inputs are applied to the direction of the triangle, then Figure 9 (a, b) are obtained. 
Inverse kinematics for T-S Robot
The representation of the location and orientation of the robotic final manipulator can lead to the estimation of all the possible joint collections, which are used to transfer the robot and to obtain the assumed orientation. This process is called kinematics reverse estimation [2] . Therefore, in the reverse kinematics analysis, we have access to the coordinate components of the central point of the moving star (point C located in the reference system O′) which are relative to the primary reference system and which are the goal for obtaining the unknown parameters S 11 , S 21 , S 31 , (S 
Workspace analysis
The existence or nonexistence of the kinematics solution determines the robotic workspace. The lack of solution means that the robot is not able to obtain optimal orientation because it is located out of the workspace. These conditions are called robotic singularity states. Almost all the robots have singularity points in either the border of their workspace or in their workspace. The singularity point in the border of workspace denotes a state that occurs when the arm is fully stretched or folded on itself when the final manipulator is almost or precisely located in the border of the workspace.
On the other hand, the singularity states in the workspace signify the conditions that occur in the mechanism workspace or in general when two or some joint axes are located in one direction. When the robot is located in the singularity position, it loses all or some of its degrees of freedom in the deicardean space. It is obvious that this process is done in the border of the robotic workspace. The examination of the T-S(3-PRP) robotic workspace has shown that it has no singularity in its workspace; the robotic workspace is presented in Figure 12 (Figure 13 ). 
Conclusion
Features such as precision, speed, stiffness, and workspace with singularity point distinguish the parallel robots from the Serial robots. But the weak points of these robots compared with Serial robot are the move limited workspace. In this paper, first, the limitations and weaknesses of the Triangle-Star Robot {T-S 3(PRP)} were recognized. To remove these disadvantages, a robot with telescopic arms were presented and its kinematics analysis done through Hartenbeg-Denavit instruction. In addition, there is no disturbance in the totality of the discussion.
Afterwards, to increase the workspace, a. Reuleaux Triangle-Star Robot with the kinematics structure {RT-S 3(PRP)} b. Circle-Star Robot with kinematics structure{C-S 3(PRP)} are introduced and kinematically analyzed. 
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